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New on tn© Hole of Gumma Amimobutrl c Aold# 

H. C//. H /^'oZc^ZlL 

Hrm*^n Cc^. /CS^^ 

Recent studies have focussed considerable 
attantlon on s»iM>a-«mlnobutrlo acid (QAbA). it was dlsoorsrsd 
in large amounts In mammalian brain by Roberts etlSS ^ 1 ^ 2 ) 
and Awapra et al (3) in I950. The Identity of this substance^ 
was proved by Udenfrlend l 4 ) In the same year. Widespread 
Investigations of GABA action followed the establishment by 
Bazemore et al (5) and Hayashl et al (6) of Its presence In 
"Factor I", and the discovery of Its Inhibitory effect on 
nei^ous activity. According to Mc-Lennan ( 7 ) Factor I contains 
substances other than GABA the action of which la not always 
Identical with that ofFactor I . In another report the same 
author ( 8 ) comes to the conclusion that GABA is absent from 
brain containing Factor I. He postulates that GABA Is a frag- 
ment of a larger molecule exclstlng In Factor I to which he 
ascribes Inhibitory activity. Inaplte of this, GABA generally 
believed to play an Important role In the accompli shment of 
Inhibitory processes. Its effect on blood pressure, respiration 
and cardiac rythm has been ascribed to Its perlferlo ganglion 
blocking action (9). Despite numerous Investigations the true 
mechanism of GABA action on nervous processes Is not yet known. 
Of special Interest li Its effect on the structure and be- 
haviour of synaptic membranes and on those of neurones. GABA 
Induces a repolatl^tlon (or hyperpolarlzatlon) of cell mem- 
brane (10). Koshtoyants and Kokina (II) have shown that na pa 
and B-alanlne have a similar effect on membrane potentials of 
organisms devoid of a nervous system, such as Infusoria. 
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Acoomlng to Bolstei & Fatt^ OABA axcarols«s a similar effect 

as that observed on the stimulation of the Inhibitory fibres 

of oruatacean muscle. The Increase In membrane conductance 

observed under the action of OABA and Inhibitory fibre stlmula- 

tlon was Interpreted as an Increased permeability to Cl. (12), 

Studies carried out by us In the course of 

a number of years have shovm that the hypoglyoaeml c effect 

of insulin la not observed when It 1^ given on the develop- 
Y Vjl- ■ 1 t u — c,o — )C £ 

mant of .e ortt - cal Inhlbltloll^ obtained by ex Unguis hi nganJ<t4£4Lj^ 


already established conditioned insulin hypogiycaeml^/( 13-15 V 

Having in mind the role of OABA ^ Inhibitory 
processes and its action on membrane structure, and on the 
other hand knowing that one of the main mechanisms underlying 
the hypoglyceemlc effect of Insulin Is an enhanced membrane 
permeability to glucose (especially in muscle and fat tissue),' 
it was interesting to study the effect of GABA on glucose 
transport In muscle tissue. 

Experiments were made on Isolated, Intact 
rat diaphragm, which according to Klpnls and Corl (Ib) and 
Randle and Bmlth (17) la the most suitable object for the study 
of glucose permeability Into muscle. The diaphragm was obtained 
from male rats of 80-120 gr. wt. Incubation was carried out 
under anaerobic conditions at 37 for one hour in Krebs— Ringer 
bicarbonate buffer at pH-7* In our experiments it was shown 
that ln::thl3 solution glucose uptake by rat dlaghram was more 
pronounced than that observed In the bicarbonate buffer used hy 

Randle ^18). ao doe c rlb e d b y Randl e glucose was added to lOmla 

• -u 
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incubation madlua to obtain a rinai oono«ntratlon of a.Sag 
/ml . Affr incubation Its amount vraa dafrmlnad colorlmetrl- 
caiiy by the Sornosyl modlrieatlon of Nelson's method. OABA 
was added to the medium to obtain concentrations of 0.5 to 50 
/Js/ml. and crystalline protamine zinc insulin to make lo"^ 
-O.I units /ml. The results obtained are presented InTable I. 

■fable I-Comparlson of the effect of insulin 
(0. I unit /ml) and OABA ( lO^Jg/ml) on uptake of glucose by 
isolated rat diaphragm under anaerobic conditions. 

(Glucose uptake given in mg. per I gr. of wet diaphragm). 


“I 

Control 

GABA 

10 Jlg/ml 

Insulin 

0,1 unlt/ml 

Insulin I unlf/mfc. 
GABA lOmg. 

iy\ 

2l'h0+ 

ie -5 3 t 3-^g 

a 81 ± z> Q>h 

! Cnr 

-1 1 . 0 _ 

i ^ ^ 

iib) 

ui; 


,t) a.'hnnf. 


The results obtained indicate that^about 
increaso in glucose uptake ensues rrom the addition of insu- 
lln(0.I uMt/ml). This is further enhanced by the addition of 
GABA lio^g/mi). Ine most pronouncia^ad^Uon oC OAbTI^ 

insulin. Where glucose uptake by the diaphragm is increased 
'above — 1 times. 


aelng convinced that GABA in lOJlg/ml concen- 
trations has a greater effect on gluco.e uptake by muscle 
tissue than insulin, we tried the Influence of various doses. 

The results obtained with 0.5-50,0 ;Js/ml amounts are given in 
table II, 


Approved For Release 2009/06/30 : CIA-RDP80T00246A010200100001-6 



Approved For Release 2009/06/30 : CIA-RDP80T00246A01 02001 00001 -6 

- 4 ^ 


• II. Th« of <l»<5r»U8lng ooncantratlona of GABA 

on gXucosa uptak® by rat diaphragm-. 

axpr®88«d in mg. per I gr. of fresh tissue. 


Control 

50 JJiQ/ail 

<? -9X1 L-Zti 

. (lo^ 

H-9 1 1-3 

(sj 


10 


5)Jg/nii 


Ijig/ml 


lo[ 


I9.i5t <l->o 

(<o) 


0,5 JUg/mJ. 


a-ay 

__ (0 


It 1 . oWou. th.t th. .ft.ot .f 0 .B* on 

Sluoos. upt.k. iiim- ”''1^nro T ^LI. th 

not th. Inor.... of It. oono.nt. 


♦rnuon. on th. .ontn.r, a,„. ^ 

tor lnnu.no.. Thu. . for InoUno. to .,ot. a .or. 

pronouno-1 eluoo.. „pt„, than that proau,-l h, jo ^ 
uptak, .,u.t to 10^,8. .a. ohtal„« t, j 
an. .Tf.ot Of 3.8. .„.h 

tlon . ..ount, .. „.5 tn.r«..« 5 i„„.. 


tak. h, ahout ir..tt.... kho tan, II it nh„n„, 
50,118 Of 0.8. „o.rcl.. , „ ^ 

7 "-r ilnr iliii i en i i r- » , t, o ^ ' 

„ , i± ‘ Here 4« siuooee .uptake ef^ 

Ovx^^^about two foXds>*-B»tto»ed, 


Knowing that l^mm produo.s Ita effect 


in ooncentrationa of I^^-un'lV^- (I» and that Its amount 
in ..fu. or noraai anlo^i, aM hutan. u, ahout 
HP), th. .tr.ot or .uoh to. ooh,„tr.tlon. or b,th''ih.»lth 
an. OAB. (0.5.1 ,|>8/m) ..r. t.otM. It notion that 
I P8 of 3.8. 8r~U, .„ha„o« slu,.,. tn.n.pont. «il. ..5„ 

)».. a„ .ff,ot .r.o.t .,u.i to that of l..„x.. 
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In this aerlsa of axperl manta tha amount of 
Slycogan In diaphragm was also detarmlnad by tha mathod of 
Morris ( 20 ), Tha results obtainad ara given In table III, 

Table III, Olycogan oontant of rat diaphragm 
In mg, per l gr, of wet tissue. 


Control 

Insulin 

0,1 unit/ ml 

GABA 

10/ ml 

QABA-lnsuiln 
10>ig/ml-0,l unlt/m 

t)« + ft-HM 

(6) 

2.- 12/ ± O-go 

*•22,+ e-m 

Z-S i ©-OS' 


The data obtained Indicate that Insulin and 
GABA considerably Increase glycogen content of diaphragm. . 

A. Sly cogen 

taka. Place even In^g/aiy^, results are compatible with 

those obtainad while studying glucose uptake by muscle tla^ 
sue from tha incubation medium. 

Muscle glycogen was also datermlnwl hlsto- 
chamleally by the method of Bawer. A. shown In fig, 1.3, » 

graatar accumulation of glycogen In muscle tissue takea'placa 

In tha presan^f GABA (lo^g/ml) than onthe Addltian of 
Insulin (0,1 

A similar Increase In glucose uptake by 
muscular tissue was noticed on tha administration of GABA 
Into the femoral artery under nembutal anaesthesia. 

Blood samples for the determination of glucose 
were taken sl»«iltaneously fro. the femoral artery and vein. 

It was Shown that the A.v difference is considerably increass^l 
from l-io minutea following its injection, 

According to 3oskin and Levin (2l) Geiger 
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(22) and park at al (23) Insulin dosa not affact glucoss 
uptaks by the brain. A few preliminary experlmsnta seem to 
point to an Immsdlate effect of insulin on brain glucose 
uptake, namsly within 2-5 mlnutss following its intracarotid 
administration, prior to the development of its hypoglyoaemlo 
effect . Prom this point of view it was interesting to study 
the effect of GABA on this process. Kxperlments were carried 
out on previously operated dogs where a carotid loop was ob- 
tained and ths branches cf the external Jugular vein, all 
except the posterior facial, were ligatured. In this way 
blood taken from this vein came directly from the longitudi- 
nal sinus of the brain. Blood samples for the determination 
of glucose were taken from the carotid a^te^;' and Jugular vein 
following the injection of2.0-2.5 ^g. of GABA into the artery. 
Tabl® IV presents the results obtained* 

Table IV- The Sffect of GABA on brain glucose uptake, A-V 
difference in mg. %m 


Prior to GABA injection 

After QABA Injection 


ome 

lOm* ^ 

(«) 

a -34(8) 

H S?! 
3-G.iS(g) 



The results obtained indicate that on the 
2nd minute following GABA administration brain glucose uptake 
considerably increases until it gradually reaches its pr*. 
vlous amount. This temporary increase in brain glucose uptake 
13, moat probably, due to its rapid distribution throughout 
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tha body, '^axoapt tha brain) and Ita rapid axcratlon ( 24 ). 

Data conoamlng the parmaablllty of QABA 
Into tha brain ara contradictory , Marrazzl at al. (25) and 
Hayaahl at al ( 6 ) raport an Inhibitory affect on central 
synaptlo tranamleslon following tha Injactlon of qaba mto 
tha carotid artary. According to van-Oaidar and Slllott (24). 
no incraaaa In tha content of dAB.1 la obaarvad In brain follov^ 
lag Ita intro-parltcaal or Intra^ranoua admlnlatratlona. 

l.t. ih. br«. „r, 

(^ 7 ). .t th. 

81UOO.. Pj th. ot a*M ..„ot h, .:t. 

th, t„,.t.t, ,„„t t, 

hrUD Mm.. . ,,n ,, It. ,rf,.t on br.ln sin,,,. „.t.n,. 

.. «« in thl. th. pro«.Uon of IM upt.k.V'.'innot h. 

...IndM, «.p.rl.„t. h„u„5 „th th. ...h.nl.. of sluoo.. 

tf...poht ohd.- th. ..tloh of ohhh ... no, tn pnosn... t. 
laboratory. 

In connactlon with thaaa axparl manta It waa 
lht,n..uns to .tnh, th. .ff.ot of p .l.mn. on slnoo.. „p. 

t«. h, r.t hl.phf«g.. Ih. .:hJ.rl..nt. nnd.nfk.n ,.r, .l„i„ 
to thoaa daacrlbad aboaa, 

Tha raaulta obUlnad ara praaantad In table V 

Table V -Tha Effect of B-alanlna on glucoaa uptake by rat 
diaphragm, mg. per 30^. of wet tlaaua. 


Control 


Bulanin© 
10 jas/ml 


s-oy ± z oi z sy t i-oG 


B-alanln© 

/Js/ml 

5.9 ± 

I 
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Prom data praa«nt#d It la obvloue that h-alanlna 

In amounts of I0-20^3/ml. considerably inhibits gluooaa 

uptake by muscle • In this respect it was interesting to 

of 

study the effect of B^alanino on the promotlon^^^^^ucose up« 
take Induced by GABA and Inaullnp The results obtained are 
presented in tables VI & VII, 

Table VI - The Effect ofB*-alanlne on glucose uptake of rat 

diaphragm in th^resence of GABA in nag. per gm, of wet tissue. 

/ 


Control 

OABA 

GABii.*yB*“ ^1 ani ne 
50;ug/ml 

GABA ZQm/U 
Balnlns 

QABAl/.^/. 

aABAi>^ 

9*0 

19,6 

11,6 

B 

■ 

r 

5.8 


fable VII«» The Effect of B«.alanlne on glucose uptake of rat 
diaphragm in the presence of insulin in mg, per gm. of wet 
tissue* 


Control 

Insulin 

0*lunit/ml 

Bii*alanlne 

lna*0*lunlt/-l’ 

6..alanine20M 

in8#0*Iunlt/^ 

B«alanlne 



l9-t3±l-28 



l6-93±0«5 

! (iL 

I9'05’t0*95 

(£2. 

I>4 




From tla. tabl. VI and obvious that 

^alanln. consld.rably Inhibits th. .ffeot of OIBA on ^uoos. 
transport, while th# action of insulin remains almost unm 
changed* 
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A nujnbar of Investlsators h«v® dononatrat^d 
that larg® oonoantratlons of amino adds (C2-C5 ) hay. 
an Inhibitory .ffact on nervous activity similar to OABA, 

How.ver, there are some Indications that the previous 
administrations of B-alanlne Inhibit the effect of GABA (2$). 

In this respect the results obtained by us In regard to 
^-alanine are o« some Interest. It may be concluded that the 

action of B-alanlne on the effect ofOABA is of a comp.tetlv. 

X ,<A) nature. 

Hlstochemlcal studies have shown that Insulin and 
3ABA increase the content of the basal substance of the oonn.g 

tlve tissue enveloping the musole fiber l.e-*h. add 

muoopolysac^^^ These have been detected through their 
/metachromatlo staining property with tolludlne blue and also 
by the method of Halle (29). based on the affinity ofthe acid 
Uucopolysaccharld.s to absorb colloidal iron. The sections a» 

^ subsequently embedded In potassium ferrocyanlde and Prussian 
' — - formed at the sites of add mucopolysaccharides. 

I Insulin and GABA seem to produce depollm.rlsatlon and swell. 

|lng of acid mucopolysaccharides. Such changes Injthn proper- 
ties of the main substance of connective tissue may partly 
account for the Increase. In musd. permeability to glucose. 

This problem, however, needs further study. 

The following question arises; Has OABA any 
role in the transport of glucose or any other substance In the 
organism? The results of our experiments seem to be In accord 
with such an Idea. oABA m minimal amounts such as 0.5 ng^ml. 
induce a aarjied Increase in glucose uptake by musole and In 

13 
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Ita ^yoogan oontant* Iflth tha axoaption oftha brain, othar 
orgftna contain vary small amounts of QABA. (from 0*2-.I0 )ig/gr* 
of tlasua) (30)* Thaaa small amounts, howavar , according to 
our axparlments, seam to hava a consldarabla affact on giuoo8| 
uptaka* Tha question, whether Insulin may produce Its affact 
on glucoaa transport in muscia through tha anhanoamant of 
QABA formation ramaina to be anawarad« Our axparimanta damons - 
trata tha inhibitory arfact of jp»aianina on tha inoraaaad 
glucoaa uptake produced by GABA* Such an affect of ^alnina 
was not observed In respect to install** In this oonnactlcn 
the action of GABA and insuJiti on glucoaa uptaka by brain is 
of intarasb^v -too* Aa mentioned above, GABA enhanced tha pene- 
tration of glucose into brain after follo vlng Its l njac<» 

^ Vn tion^ insulin seams to have a similar effaQO jTiiAMfl. 

c(novK glucoaa uptake by muscia through different maohanlams* Tha 

\ final aluoidatlon of this probiam, howavar, remains to be 

^ \ WCrL5-^[vah» 


^aaaaj 


According to a number of Invaatigatlira, as 


for instance, Gravioto at al. (31), Oawaon (32) and van* 
Gaidar and Klllot (33) In insulin hypog^ycaamia, tha aaeont 
of GABA In brain Is decreased* This is obviously due to the 
fact that during insulin hypoglycaemia brain consumes almost 
no glucose, thus the formation of GABA by way of glutamic 
acid cannot taka place. 

It is generally accepted that insulin does 
not affect tha glucose metabolism of brain • Howavar, ^ 

muscle tissue by promoting glucose transport and oxidation, 
it increases tha formation of Siuto acid through tha trXm 
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oarboxyxio acid cycle • The main route of OkBk foraatlon le 
through the decarboxylation of glutamic acid by the action 
of the corresponding decarboxylaae ;the activity of vfhlch Is 
very high In brain and very Insignificant in other tlasuoa. 

On the other hand, the extensive dlstnoutlon of QkBk Indi* 
cates that Its formation In other ways cannot be ezeittheci* 

The results obtained by ua, together with 
data from the literature. Indicate that OAbA has a widespread 
effect in animal organisms and that Its function cannot be 
restricted to that of an Inhibitory transmitter* MoKhann and 
Tower (34) question the role of QkBH as a factor taking 
part In tht mediation of inhibitory impulse* They find that 
/ Its presence in brain In large quanUtlea and its high turn — 
over-rate are not Indicative of Its role as a neuro^huraor. 

They suggest that GABA, affects brain function by participating 
in its energetic metabolism* 

The question ooncemlg the neuro«huBoral 
action of GABA Ilea out of the scope of this report* ho w e Vg i» 
a^^i-dlii ^ W - m a ny a uthor s t h ere seams X o ba -ne-dr oubt ab o u t 
lrts~~argiafl^aace,-a^_,a^^transal^er of - innihi t ory^ proeeaae a^ 

But It is ewldent that the role of GABA in the organism oan* 
not be confined to this* It may participate in the onergetlo 
metabolism of the brain not only by way of the trioarbo^xylio 
acid cycle but also throu^ the promotion of glucose penetra- 
tion Into nerve cells* The results of our experiments seem 
to point to a possible role of QABA in the metabolism of 
organa besides the brain and raise new questions ooneeming 
th^s substance which la widely distributed in plants and 
microorganisms as well* 
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Brala (aaoo»« Uptrt* Darln« Varloa* 

PunoUoitaX 


H. Oh. BuataUaa 

(BM«d on th* ln*.*U«aU«io of th. aathor and aoaofltara 
Xaghiao V.B., Ehaotoatrlan 0.3. , Hkholaa B.E., 
KaTagaoaian 0 .»., Kaahak 0 .a.ana Urgpadjlan H.O.) 


\ 


Manx quaatiaiMi oonoarnlog Wi® 

proeaaaao undorljln* th. dlffar«it ftni«ttOBal atatw of Vim 
hraiB raqalra fnrihar at^x^Tha InaaaU^ttao of tho f»o- 
toloahaad^^^ V>m brain InoolaM oaax dlfflwaUao . 
fbo «it^rtji^»tor in thla flalA aboold mm% np aoah aoid&tlMS 
wblob would not dlatnrh tha nomal fnnoUonlns af •bo hraia. 
Bran In tha ooat oarafol 1» mi%ro ai^oplonwta, MolB «!•«• 
o™..,. <«»»-. “ “• 

in wlao nothoda aro not aooh aa to porolt tha atadj of tho 
noro profound prooaoaaa inharont In onoltorx MdMtWT 
atatoe. Horaowar. tha hteehanlat .stodping tho latorroiaUoa. 
,hlp hotooan oorohrtt aatabalio. and fwoUon , haa W oao 
soaa phX«lolo8loai .anlfaatatl«» aa orltorta for tto dowolop. 
BMt and duraUao of tho oxeltatorx tod lahihttorx proanaaot 
Baaldaa thla. attonUon ahoold ho pa&d to tho apootflo P«op«w 
uaa of tho aUouIatlns oaod, aa wall aa to tta oftoot 

on brain notobollan, alnao not all attnulanta and naroottoa 
haao aimiar affoota an brain aotahoUaa. thnh broln p^Soaaao 
aarx poor anargoUa a«iroaa doap&to tho ermmt aoorsx Ito aatt- 
ntx daaanfla la a fant wtddh ahanli alao ht *mm0i In 
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TbB •amref r«qalr«d bgr tbm hrtAn 1* pK»«14«d ablaly bgr flSltMOM , 
bvoa^t tqr tb« blood oirooa « Oooooqnontljr* in 01049108 Ibo bio- 
oQMlairy of oorotarol funolloB* lha InborreloUonaUp bolmoo 
oorobrol aalobolloo and aotobollo prooossos In of footer orgfteo* 
te bo etudiod^ tob» Tbo brain. In ooooopIishlnA Ibo floor 
rogolallcm of ootebbllo prooooooe , provldos for Ite oon aetlvlly. 
Oorteln fttnoUonol steteo of offooter orgfwo InflooMO oorotoral 

I 

netebollso, and fonollon* Tbo abooo amilloiwd problooa aro not 
all that aro not with In tbo otody of tho ftmetlonal bdoo h oolatry 
I of tho brain, taut thoj aro onough te obow tho aanfijdiftiealtioo 
\ that aro onoountorod dnrlns tho atiidy of thla protaton and a l o o 

t 

1 te aoootmt for tho oontrovorodal roaulte obtalnod tagr oarlooa 
1 Inwoatltfiteha In thlo flold, ^ 

Moaqpaathoro , rin atodflas brain notataolloa 
during oaoltatlon and inblblUmi, produoo thoao funoUmaal otatoa 
tbroogb tho nao of phamaoolosloal agmte or olootrloal atlanla* 
tlon . Tbono^^of ooorao, aro not adoqnato aotbodn. for obtalnlne 
a tmo plotoro of uuraal eorobral fonotloa* Ono of tbo noat 

a 

aoltablo aothoda for atadjlng thda probloa la teat of oendltlonad 
rofXoxoa. Parlor and otbor Inrootlgatera baro abown, that tho 
dorolopaant of eondltlonad rofloxoa la dno te tho oaoltatioa of 
oortain oortleal eontroa froa white ozeltatery proooaaoa oan 
Irradiate te othor oortloal and aobaortloal eontroa. It baa alao 
boon oatabllahod teat too ayoteaaUo dally adalnlatratlmia of 
teonoondltlonod atlaalua alono, oonduoo te tho Adlng away of tho 
ooodttloaod roflox with dorolopaant of Inhlbltery proooaaoa in 
tKo oerroapondtng oortloal eontroa. The Inhlbltery prooooaoo oas 
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to othor oortiool aaA Mboortloal oroM. 

BoMroaa atodtoo oiqthaalM tho Inaraaaail «Uli. 
aaUoD of s^ueoae and oxjefiti daring tilgbt«Md oofWbrU aoUatt^. 
Aa Dhown by tha InrsaUgatlona of Oolgar , and otnoro tba 
traaaport of gLuooaa Into brain la not a alnpla prooosa of diffki- 
aloo. Tbs aoount of gloaoaa In brain doas not alwaya «grra vitli 
ita eoaoaatraUoo In taood. Aaoordlng to Volf» i^aaoaa adataia. 
torad Into tba aarobroaplnal nold la not takan op ^ bfoia 

*** ••ahaoiaaa of glaooaa traaaport into boala la aot, 
ao pat, vonr wall oadaratood. Hoat probabXp, tte tMaaport of 
glaooaa into tha brain dapanda on tha aatabolle proooaooa of 
brain tloaoa itaalf, and aa wall aa tha fOnotloaal atato of tha 
blood brain barrlar. A noabar of aathora bava Miowb, ttet Inaalln 
***•• **•' affact tbla prooaaa. ( oalga^ ’• d aaw a a t ratad/ by porf bola ^) 

X •*PTiaaota^ | Tof~~tBr teai n) tba laportoaoa ^ tha 11 war la tha 
traaaport of glaooaa Into brala* It waa ahowa tlait braia batpoi 
to taka up glaooaa fron Uia parfbaloa fluid oalj. followlae Ita 
paaaago ttaroagb tba llwar, or opoa tha addlUoa of aptldla aat 
arpdiba to tha parfualon fluid. Tha Inwaatl^^tlaaa of a nnatiir 
of autbora. aa wall aa war own ladieato tiuit durtag aaroottoa* 
tloB. In oplta of ooaa Inoraaaa la blood gloooaa loyal tha np - 
taka of tha lattar bgr brain tloaoa la radoead. Xa alart aad 
atatas, oa tha eontraip. ougar optaka by brain Uaaua la aa- 
bwiood, . Soao oUaolaUng aganta, bowavar. produoa tha eppooito 
affoot. Tbeaa and aany othor atodloa Indloata, that a ooopUoatdd 
aeobanlaa ondarllaa tha- optaka of glaoooa by braia tlooua, wblhb 
la eonaldarably affaotad bJT tho fanotioaal atata of tha broia 
^ aatabollo proeasaaa In offaotor olvuta. 


Approved For Release 2009/06/30 : CIA-RDP80T00246A010200100001-6 



Approved For Release 2009/06/30 : CIA-RDP80T00246A010200100001-6 

- ♦ - 

In oar labomliOrr, «• bavo atodioa tbo prolAoa of 
gluooae op take by oarabml t&aaaa, durlns different fanotlonol 
Btatea of the brain. The axparleanta were earrled oat on dose* 
Blood aaeples were taken free a carotid loop and from the Jii 9 ilar 
vein all thm branobea of whlo^yCha ezoaptlon of too poetarior 
fadal, ted been previonaly llgatored. Tbna the blood obtained 
eaea directly free brain* 

no I. 

flS 1 la a aohaae of the operatloa. The aaao Inseedlenie were 
detemlnod both In arterial and veeoos blood* Ttea diffmrenee 
noted gave Uaa optaka of thoae oabatanoaa by brain tiaaue. Blood 
now rata waa alao doteralned. Oonditioned renexea have bean 
daveloped In reapaot to the followins atlnnli • The ad n iniatae» 
Uon of food* nob In eaganaaflar loadlne) aplnei^irtna and the 
eleotneal etlaalatlon of the akin eanolns pain. 

Tba arterie^venoaa (i»V) dlfferonoa in regard to 
the Ingredlanta atodiod, waa detemlnod daring the affOet of 
aneondlUoned and eeadliioaed aUanll* aa well ao the devei op h t t 
of oorUoal InhitiUen* The latter waa obtained threai^ the 
aatbod of extlngalablns an already eetabliabod eenditiottod reflm 
by the repeated, dally adalnlatraUeaa of the eeadlUaned attenlte 
alone. 

The nrat eenee of expanaanta were oarrled oat 
on nve doge. Hare, the anoooditioned atlanlna aaad waa eager 
loading. The aoleala were given 50>120 gy*. of ao^ nised with 
powdered neat. Tbie aneent wao divided Into 3 pMmone ^ein~at 
intervale of 9 ninatea* Uw adnlniatraUMi^ of feed wee o<Mi}a|^i&<i 
with the eoanding of a bosaer. Blood gloeoee and pymvato lovela 
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followed for 90 mlntitea , during ifhich 8««pIeo vera 
taken at InterTala of olnatoc* The above aentlooed Uomita 
of Bug^r lead to an Inoreade In blood gXuooae and pjrovate 
levels » aiinllar results vere obtainod by the oondltloned atiau* 
luB alone^that Is to say in oortleal exoltation* Under the 
exiating cirounatanoea the uptake of gluooae and pyruvate by 
brain tleaue vaa Inoreaaed eonalderably. By way of llluetratloii 
the reoulto obtained on one dog trill be nentloned « Alnllar 
obanges have been obtained on the other four doge aloo* Aa ahmer 
In Pig 2, the oondltloned Inoreaae In blood Q^oeoae and pyruvate 
levels* 

PIG. 2. 

la accompanied by a oorrospondlng rise In their oonauaptlcm by 

brain tiaeuo. The same effeet was noticed on the first three 

administration a of the oondltloned stlnulus. Ita further triaXe 

✓ 

however^ led to the fading away of the oondltloned reflex with 
tho developnent of oortloal Inhibition* during vhloh the above 
mentioned o^iangea were not to be seen. With the more profound 
aotabllsheont of oortloal Inhibition* the dog did not respond 
to tho conditioned atimoli any longer* and was often in a dromjr 
state. Oaring thie period, a reversal of effeote waae oheerved.A^ 

FIG 3. 

shown In fig 3* blood {^uoose level* aa well ae Ite uptake by 
brain tissue were oonalderably roduoed. 

Pig 4* presents a slallar piotnre regarding 
pyrkvlo sold* and Its utilisation by brain. 

FIG 4. 

Ae to the uptake of pyruvate by brain eootragio. 
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' ‘"-I fr ; ^ ^ 

torf nsttlta bar# torn raportM* Oar tevotrw 

Indioate that on tho vhola brain oonoanaa pjrraTlo aotd# 

In thooa studiea the of oarobral blood 

flow baa boon dotoralnoa through tho use of radioaotloo 

phosphoruO. Durlnf^ alimentary and eondltlonod aliooatary 

Cir c^\Q,\ioa 

oxoitatlon^vtlM^a equal to 10 aooondo)ln oortioal li^Utioa^ 
It^noroaoB to 15 seconds. Thus^ in oortioal exoitatlon, Ittopito 
of tho higher rate of blood olroalation, brain utlllsos ooro 
gloeose and pyraoato.l rovorBal of of foots la obaoroed daring 
tho dowolopaont of oortioal inhibition. 

Tho noBulto of these InToatightiMW ootflrn 
our prowl ous obsonratlone oonoemlng tho roweraal of notabolio 
prooosooa during oortioal oxoltatlon and lnhlblti<m. On tho 
ostabllahaont of a oondltlonod roflox towarus ou^r loading 
oortioal excitation is accompanied by a rise In blood glaooao 
and pyruvate levels together with their increased uptake by brain 
tissue. Quite the roveroe is seen on the development of ooiloal 
inhibition. 

It was intoroaUng to aee whothor a atnilar 
relationship in regard to blood glucose and pyravato would bo 
ootieod in opinophrlne byparglyoaeBiia. On studying this qoootioa 
wo found out that in epinephrine hyperglyoaenia the uptake oC 
gluooso by brain is enhanood. 

fio 5. 

Vhiie in the case of h 7 Pwrglyceemia» pr'oduced by nareottsatieii 
tho oonsuaptlon of glucose by brain Is » on tho contrary/ rodoood. 
As will be seen lator^ a elallar effect is obtalnoa daring the 
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|>aln oaaalng eUwilaUon of tho .kin. fte. it 
oonfinMd thot tbo aptako of slaoo.. tqr bi«ln Mesuo fioos not 
alvaya dopond on its aaoont in blood. 

**«ap*ot tho ftmotional .tato of tho 

bru. «d U» of u,. 

on brain funoUon , aro of doflnlto Inportanoo. 

*** ^-odlo^tod aboTO, on tho dovolopsont 
of tho inhibitory proooso in rospoet to oonditionod allsmUry 
hyporglyoaonia, tho lovol of blood glueoao oabstantially 
doeroaaoo, with a eorroopondlns fall In brain glaeoso opUko. 
Ihla ahowa that in thia eaao oortloal inhlbiUon loads to tho 
inoroaaod aoorotlon of Inoolln. iTlth tho ourpooo of oonflmlng 
this aussoaUon Inaulln was adnlnlotorod to oxporlnontal 
aninala . It was obaorood that during Inaolln hypoglyoaonla 
a lArtlar d.pro..lon in brain glueoao uptako was notion!, fhow 
rowilt. aro in aooordaaoo with thoao rophrtod by Somog^, The 
rosult.|obtalnod by ougar lolling aro Indlctloo of tho aotlwaUo« 
of tho Inaular ayato. during tho dooolopoont of oortloal Inhlbl. 
tlon. It nuat oo notod that on tho dowolopsont of oortloal 
Inhlbl Uon blood sugar la uauall, at a roMHtably low looal 
and brain uptake is very auoh doprosaod. As shown in Table 1, 
within tho first few days of this state tho adalnlatrauoii. of 
KO gr. of augnr inoroaao neither blood glucose level, nor 
glueoao uptake by brain Usauo. 

Table I. 

on the first day of sugar adalnistratlon, 
tho amount of glucose in arterial blood varies between 37-5lBg. 
MB In venous blood betw«m 40-50 og. , with no substanUal 
A-y difference. On tho following Wo adalnlatratlona a gradual 
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rlM in blood si^nooso lovol mad broia oonoaaptton ara aoUead 
Oa ilia 2od and frd adalaiatvattons blood glnooaa laval 
Inoraaeoa onljr b; 12.15 ag.jt, «hllo>S^tt adatalatraUoa aaakaa 
a rlao of 50 ag. K l.o. an laoraaao odsal to that obiaiaad 
prior to iha Inhibitory atato*. Brain glnooso npiako la alao 
iBoroaBOd to abont X1.I4 ag. %. 

Theao and othar rsaolta obtalnad dnrlng 
our invosil^ilona Indloato tba laportaat Influoaoe of aorii. 
oal iapulaoa oa tha effaot of a nuabar of onoondltlenad 
ailanll. 

Tbo a-v dlfforanoa la glnooso was stodlod 
also following tha alootrieal pala oaoslng atlanlatloa of tha 
akin. Blood saaplss wars taken prior to the applleatloa of tha 
Btlaulus, as well as 5 and 20 aiaetes fellowiag Its appilea. 
tlon* after the experlaental aalaals beoaae aoenstaaed to tha 
ooadltlons of the expsrlaant eontrol tests were oarrted eat 
with the purpose of deteralniag the noraal blood sogpr level 
and giuooBO uptake of the aalaal In question, 
fig 5 reprsseato the results of suoh esperlaents oa oae dog. 

no 5. 

as showB In this figure, the a.V dlfferaaaa 
of glucose In this aalaal varies between 6.8 eg. %, On the 
adalnlatratlon of tne uaeondltioaed and eondttioaed stionlt, 
Insplte of soBO Inorease la blood gluoosa level, the a.V 
dlfferenoe is oonalderably reduced aad soaetiaes there vppvars 
even a negative dlfferonee. During the dev^epaeat of ttdUbl. 
tlon the upt^e of (^ueoaO to a^ln Inereaa^. 
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AsBaaing that haxokiiiaaa may hava noaa affaat oa tha 
transport of glaooso into brainy it was dooidod follow Ito 
aotlvltjr In rat brain in oxporiaants with sn^r loading* It «aa 
intoroBting to follow hozokinoao ootiwitjr duxdag ollBoatory 
and oonditionod olinontary hjporgljoaoaia whon brain ^noooo 
uptako was iaoroasod and during eortioal inhibition whan it won 
dapraasad* In thaaa aacparinanta tha diffarant fmotiona of 
glycogan wara olao dateminad* Tha abowa nanti«aad funotionol 
atataa wara dawaloped in axpariaantol rata through tha uaa of a 
apaolol ayatan^ after which they wara fixad in liquid oxyganw 

The reaulta of these axperinanta indieata that brain 
hexokinase activity is inoraaaad during olinmtary and condi* 
tionad olinantary hyperglyoaaaia whan ^lon anhanaad oonaunption 
by brain tissue is observed. On tha davalopnant of eortioal 
inhibition^ haxokinaaa activity falls to about one half ita 
control laval. Thaaa data are illuatratad in Pig 6. 

Pia 6. 

A certain correlation aaemato axiat batwaan brain 
hexokinasa activity and glucose cmaunption by brain. Bowavart 
tha pemaability of gluooae into brain does not aaaa to dapand 
on haxokinaaa anti vity. This is confimad by tha invaatigptlom 
of £tona^Klein who danonatratad that fruoteaa panatrataa Into 
Uxm brain with difficulty^ in apita of tha faat» dan a a ntratad 
by Cori» that it la very easily phoapherylatad in brain tiaoud. 
tiluoose^ aa oonparad with other augora, peaatratas into tto 
brain with great aaaa.: Hare it la o9!||boUmad wary qniafely* tine 
promoting the penetration of fresh anounta. 
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In those Inveatl gatlons, where the different 
fractions of ,-;iyco^en“^uotel n bound, lipoid bound and f ree 
have been J e terriil ned , it was obsorvocl that during, allrnentary 
hy per yea ©ala the auount of total glycogen, la Increased. The 
r.ost noticeable rise takes place In n^spect to free glycogen, 
wtiore an increase olT i6w24 mg. Is otservoci# In conditioned 
ailraentary hy {>erglycaemia the amount of total ^y cogen Is some- 
vinat Increased wl tn a correspond 1 ng decrease In protein bound 
glycogen, ihe quantity of free :?l.ycogen and of that bound with 
lipolda remains high* The results obtained on the develonmont 
of cortical inhibition are of sotae interest, as shown in fig 7 
the amount of total glycogon does not undergo any aopreolabl© 

KIG ?• 

change v/hlle a considerable rise Is noticed in the amount of 
free glycogen at the exnence of protein bound ^ycogen* 

/v number of investigators have shown that in 
brain tissue free glycogen has the highest turn-over rate, and 
its amount undergoes considerable changes during the various 
functional states of the brain. Uur findings are compatible 
with those data, uf special interest la the fact that during 
h.e inhibition of conditioned alimentary hyperglycaemla when 
tne uptake of glucose by train is reduced, the amount of free 
glycogen which is the most labile Is increased. At the same 
time the amount of protein bound glycogen is decreased. From 
this it nay be inferred that in cases of reduced ^ucose uptake 
free glycogen provides for the energetic demands of the brain. 

In the course of our investigations an Intense 


Approved For Release 2009/06/30 : CIA-RDP80T00246A01 02001 00001 -6 


Approved For Release 2009/06/30 : CIA-RDP80T00246A01 02001 00001 -6 

• li - 

diminution in brain (^ucose uptake, has often been observed, as 
for instance during the inhibition of conditioned aj.imentary 
hypergiy caomla. Insulin hypoglycaemla and In the various stages 
of eloctrioal^oaln causing^ stimulation of the akin and the 
oorrospondind oonciltloned reflex# A similar diminution in glucose 
consumption was observed following the extirpation of the 
sunerlor cervical sympathetic ganglion# 

Those findings are of Interest In oonneotlon 
with the investigations of Haaratlan, who on removal of this 
^ngiion In dogs noticed a dlat^Jj^lon in normal conditioned 
reflexive funotlon# 

In the oourse of our experiments particularly 
on the dovelopment of cortical Inhibition we have frequently 
met a ne^tive h-V glucose difference# This effect, which was 
noticed even when gAucose’ was determined chromato graphically, 
does not seem to be connected with brain circulation rat©, or 
tno concentration of glucose in arterial blood# A no^tlvo hmV 
gluooso difference has been reported by Batrak, Zakharov, and 
others# It has been obtained by us in exporlmerte following 
narcotization, as well as In cases of fully maintained brain 
actlvi ty. 

fh4% raises the question as to what substancQ replaces gluooso 
j;asei_ 

In suchY^d provides th© ©nrrgy nocossary for brain funotiono 

^^3 far back as 1930, Gerard had roportod 
that during norvous activity substances othor than carbo^hydo 
rates aro used© according to /iuillns is not utilised 

during norvou© activity# Gronoll actd Davioo havo ohom ttot inn 
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diminution In brain glucose uptake, has often been observed, as 
for Instance during the Inhibition of conditioned alimentary 
hyoergiycaocila. Insulin hypoglycaemla and In the various stages 
of electrlcal^oaln causlng^atlraulation of the skin and the 
correspond Ind conditioned reflex* h. similar diminution In glucose 
consumption ^as observed follov/lng the extirpation of the 
superior cervical syriipathetl c gp-n^rllon. 

These findings are of Interest In connection 
with the Investigations of Haeratlan, who on removal of this 
ganglion In dogs noticed a dlst'^lon In normal conditioned 
reflexive function* 


In the course of our experiments particularly 
on the development of cortical Inhibition we have frequently 
met a negative a-v glucose difference* Itils effect, which was 
noticed even when glucose was determined chroma to graphically, 
does not seem to be connected with brain circulation rate, or 
tiiG concentration of glucose in arterial blood* a negative a.V 
glucose difference has been reported by Batrak, Zakharov, and 
others* It has been obtained by us in oxperljnerte following 
narootlaatlon, as well as In cases of fully maintained brain 
aotl vl ty • 


ih^ raises the question as to what substance replaces glucose 
In such^^nd provides the energy necessary for brain function* 

HS far back as 1930, Gerard had reported 
that during nervous activity substances other than carbo-hyd* 


rates are used* #j.ccordlng to .lulllns glucose Is not utilized 
during nervous activity* Grenell and Davies have shown that in 


Approved For Release 2009/06/30 : CIA-RDP80T00246A01 02001 00001 -6 



Approved For Release 2009/06/30 : CIA-RDP80T00246A01 02001 00001 -6 


tho absence of f^jlucoae, the electrical activity of certain 
areas of brain anc! their oxygen Intake are cialntalned for two 
hours. The perfusion exporlraonts of Geiger on oat brain In 
site are quite lntorostlnt> They demonstrate that In conditions 
of adequate aeration. In the absence of glucooe In the porfu* 
blon fluid, brain activity Is malntalne^l for over one hour. In 
sol to of the fact that glucose disappears during the first 10- 
dlnutea. xn suofi conditions the respiratory quotient of the 
brain fails to the asiount of phospholipids and nuclele 

aclols In train cortex Is reduced and there Is an output of fr«e 
amino aclas from the brain, wn the basis of experlssents oarrlet 
out with uniformly labeliod i ::47YT^or carjo to the conclusion 
that only of the £^\ico3e present In brain, is conipleto- 

ly oxidized, .urlng nervous activity, the quantity of glucose 
undergoing complete oxidation Is ©verjless than this. U conBlder_ 
able amount of glucose Is spent In the synthesis of amino acids 
proteins, lipids and other non-aold soluble flutatances which 
may be used In cerebral function. In cases of hlghtened brain 
activity, as for instance under the effect of metraool, the 
break-down of phonDhollpido and galaotollplds. Is enhanced* 

although, nonaal functioning conditions for 
trie organism are not maintained even In the experiments of 
.-elgor, ne vt; r thole PS cornparod with studios carried out on 
Isolated out on train preparations, this Is a signifi- 

cant step forward and the results obtained deserve du© consider; 
tlon. These results Indicate the involvment of many subetanoos 
In the realization of brain function. 
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In view of the fact Uiat the electrical pain 
oauslns stlaulatlon of the skin Induces a considerable decrease 
in brain glucoee uptake, together with observations resorted In 
the literature concerning the ability of the brain to utilise 
Its own constituents for energy requirements, we decided to 
follow the .-V difference of substances besides glucose. Accor- 
ding to many authors, glutamic add can serve as a source of 
energy for brain tissue. Hecently Its ability to oenetrate the 
brain has been demonstrated, welsh has shown that In mature 


deapita the cons tan 'ty 


fjlaithe amount of brain glutamic 

add. It Is continuously being exchanged by that present In bloei. 
dutamlne penetrates the brain with greater ease. 

axperloents carried out In this connection 
demonstrate that during the conditional reflex obtained on the 
electrical ^in causing stimulation of the skin, the amount of 
Blutamlo acid Increases In venous blood, and remains unchanged 1 
arterial blood which Indicates Its Increased out-flow from the 
brain. I’ho results of such experiments. Illustrated In fig 8, 
demonstrate that during the development of cofctloal Inhibition 
on the fifth minute following the conditioned stimulus, brain 
oonsumes glutamic acid. Similar results have been obtained In 
respect to aspartic add. As far as glutamine la concerned It 
18 consumed by brain In control experiments. 

In the course of the stimulation of the skin 
and the conditioned reflex following It glutamine Is given out 
from brain, while on the development of cortical Inhibition, It 
Is again consumed, fhese results are Illustrated In fig. 9 
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?lci 9. 

In connection v/lth the changes of the glutamic add 
and gluta-;ine. It was Interesting to studj^ the outflow of am- 
oonlum from brain* ai3 shown In fig 10 , In control exporlmente 
and In blood samples taken prior to stimulation, brain consume 
ammonium# KIG lo# On the electrical pain 

causing stimulation of the skin and the conditioned reflex 
following , this effect is reversed and an appreciable output 
of ammonium from the brain takes place# curing cortical Inhibi- 
tion the production of ammonium by brain lo continued and some 
consumption Is noticed only on the 20th minute after conditioned 
stimulation# 

In our ox[>erlment3 wo have also determined the A-V 
difference In respect to glutathione , which Is found In brain 
tissue In considerable amounts# It has been shown that during 
the electrical stimulation of the brain and the conditioned 
reflex developed in consequence of Its repeated administration? 
glutathione lo Increased In venous blood, which indicates Its 
outflow from the brain tissue. A ,roversed effect Is observed 
on the development of cortical Inhibition# The results obtained 
lead to the conclusion that during the electrical pain causing 
stimulation of the skin and the ensuing conditioned reflex, the 
depression In glucose uptake by brain is accoraoanled by an In- 
creased output of glutamic and aooartlc adds, glutamine, ammon. 
lum and glutathione. These results and those of Qelger concemihj 
the Increased output of amino acids from the perfused brain In 
the absence of glucose, allow us to confirm the fact that 
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protein serves ao a source of energy for brain, especially 

in cases of reduced glucose uptaVre. 

When the glucose uptake by brain Is reduced 

an Increased consuiaDtlon of pyruvic acid Is also observed, 
i'riis may Indicate Its usage by brain tissue under these oondl. 

tlonSe 

In of lowered 2;luco3e utilization, 

brain glycogen may also be of some l-Dortanoo as a souree of 
energy, especially Its free fraction, the amount of ehlch 
Increases at the expense of the protein bound form. 

another constituent of brain, aoetylaspartl -• 

acid, seems also to tako part In brain function. Its amount 
decreases following ooffeln stimulation, and prolonged excita- 
tion produced by four hour swimming. Preliminary oxoerlments 
aoera to Inoloate that It eartlclpatos In the synthesis of 
aootyl ci^iollne# 

ihe estlnatlon of the A.V difference of 
nhosphollpldc and cholesterol shows that these constituents 
also seem to take a certain part in brain function, mta 
presented in fig II show ttet during control experiments there 

Flii li, 

is a small output of phospholipids from brain, which la consl- 
deiably ir.oroased during the electrical pain causing stlmula. 
Uon of tae skin and tho conditioned reflex developed. The 
opposite effect is observed during cortical Inhibition. These 
results are In accordance with those of Oelger who found out 
a considerable decrease In the amount of phospholipids In 
brain cortex during cerebral activity , espeolally In the 
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ioconce oT ,:luco.»ie In the rjorfuolon fliil i. 


12 . 


iUraliar pattern 1 p > obr.crvod In reoneot to 
choieoterol. here alj^o an ivjtntJt i to fe after 

rti ’oiition or'' t, pJ-'Jn ar, ; cond!.t!oned otlnuia, 
Uon . f.i U, : u:' emotional stator, 

ai o Lt, a certalr: extent to eaci, other, the i'o.isi: 111 ty 

'^rl-.uir. t .-iL !.r- ‘’roeu-rit ciotlotvii rt'-itc,; and^l^atrera t- a brain 
:<!y 'iro .uoe 1 noro-ioe.; a-.iourtn of c- oJ.ci’tcraijarrYbr) i; .ay 
ateroficlcrteU : a: aj toro.;olero.s5 o are IJi-oly to dovolon. As 
r. .own Ir. L a fl ^,ro, on the evclon-ront of cortical Inlilbltlon 
t.eio 1 .., ,^.,o ctintrar , a con •■i.cr tlon of cnolcGterol. tiir 

Invoatlcat.l.on.o i .•,•!icate alco ti.at varlo’jr cone tl tuentr of the 


bralriyPr, Volvo. Ir, 1 to activltv', i: t::e aai.e of* loaitC ..jloooae 

u- taho 1:, -..U tl c;ii AT. 

.'rc;-. * .o roniilts of* our axperlnonta It may be 
cunclu,lec i .at durln;: cortical InbltlMon there Is a reversal 
of aetaboilc nrooo. -.e i in brain tissue, wvilch onabioa the 
:-.ynt..oiili; of t.ho outsitanco;; utilized iurlnr Its activity. 
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H» Oh* BuAlatian* 


(Ba, 0 ©a @n t,fcis liaveatl8»tlo»B of th® authop astd •oworksr®. 
Xeghlaa V. B, , Aduntz o, Th., fioiduttBlaslaa A.8,, 
Yeasalan H.A. , Ehaobatrlaa Q.S., Mkhelan S»f*, 
Eapagooaian C«(}», Urgaodjlaa M»a», Oydjlan 0* 
Movaealan 0. 8. aod Hagi^iaB J. 


On® of th® iBportant problaaa of teloohoais® 
tx7 is th® study of th® •ortl®ai po®aatlon of Botafeollo pro- 
oeassa in affeator organa, as well aa th® atudy of th® blooho« 
Bloai proaossoa underlying ooptioal exeitation and inMhlUoo. 

A Bnmber of InTOstigatlona have bora undertaken in ©mr labora« 
tory to atudy thia problan. 

In the preaont report, I ahaii th© e««js 

Quits obtained eoneoralng the effaot of oorUeal aoU^ty ©a 
BQtabollo pr®3oso©B in ©ffestop or®ms, Osuaiiy, dif^eraot teo= 
Uomal states of th© brain are obtaac(^ by th® edtaioistraUca 
®f oUanlating and lahlMUng asmte, to our onporioDnta »o 
VO Qtotaincd froa tho use ©f auoa means, Jmewlng tteat th®eo 
sonto aro aat fro® fr©a ©oao sldo ©ffsoto ,®f tlioir ©ccio 

eh© invesfcigatiQiQ ®f tiao ocafersB of 

tho fem&Q lE boat carrlod ®®t tko mso of tfeo GOtS2of."oi? 

oocditioacd r®aoKOQa ^JMoh tcaa introaQooa Irav2®vo EJ^s cOo 
thMl io taisaGu^tcaiy by far tbo noot. eScq^sato Gi:fl pEfTOi ©2.001 c^a 
ncoao for oteaying t&o vaiPioua iffenotfiOEoa otofeco of tao copCEc 
ccntrcoo ©f^-ilitaonoil roSloHoo, tDofing Qccco^r.'oE. —ri;— - 


9 '■^wv-'Li v 
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■ore perf«ot fora pf adaptation to ahangaa In the sa 2 *]:*oaxklla 5 a* 
They dOTelop in aasoeiatlon with an unoondltloned^ Inborn ref^ 
lex* When a atlBulue, whleh in itaeir is absolutely neutral, la 
repeatedly applied ainultaneously with an uneonditioned etlnu* 
1U8, the two eorreepoBdins eortieel eentrea are aetiwated at the 
aane tine am a temporary nerroua asaoelation derelopa between 
the two* Thus, the hithez*to^ neutral atimulus aequirea stlmula« 
tiye properties, and ia transformed into a eozKditinaed stinulua, 
the appli nation of whieh orokes the same ebamges as the uneondi« 
tioned stimulus* In this respeet, the ehan^es that are brought 
about in the organism by ooxiditioned reflexes may be regarded as 
the result of eortieal aetiTity* 

PayloT dlseoyered further a funetiomal state 
of the brain oortex, whioh he named eondi tioned or internal in* 
nibition* It may be also sailed eortieal inhibition* Unlike the 
inborn inhibitory prosesses of the eentral nerroua system, eor» 
tieal inhibition is acquired and therefore of a temporary ebarae* 
ter* One of the methods used by Parlor for dereloplng eortieal 
inhibition was the extinetion of an already established eoiiii«» 
tioned reflex, whioh is attained through the repeated adminis«» 
t rations of Vie eonai tioned stimulus Itself* 

In our inrestigations, in studying the eorti* 
sal regulation of metabolis proeesses In effector organs, we 
hare attained aotirated and inhibited states of the cerebral eor* 
tei^y dereloping oondlT^ionea reflexes and then extinguishing then 
through the daily administrations of the conditioned stimulus* 

The uneonditioned stimuli used in these studies were the intra* 
renouB injeetions of epinephrine sad insulin, the administration 
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of food rloh In eugpir »nd tho oleotzlaat^^uii^aUoB of tho akin* 
!■ oosoa whore tho uneonditloned otlBolus eonslotod In InJeotliQ 
« substonoe, tho eonditlonod otlnulus aood woo tho not of tho la* 
Joetion Itoolf, where o aentroi oahotanoo, snoh as an Isotoala 
BoluUon of oodluB ohlorldo, was uaod.ln tho other ozporlBonta, 
tho oondltioBod otlDulua was tho sounding of a bussor* OurlBg 
theso studies, the following Ingrodlents hawo boon dotoralnodt- 
blood gluoose, pyruTSte, laotato, InorgBBlo phosphorus, oatoohol 
anlnos, hlstamlno, e^utathlono, glutaBlo and aspax^e aoids, gin* 
tanine and anBonlua , as well as the warlous oo^posents of tho 
blood clotting system. Changes In renal funotlon hawo also boon 
followed* 

After a nuaber of simultaBeous dally adalnlstra* 
tlons of the uneondltloaed and eoadltloBsd stlnuli lAea the eoadl* 
tloned stlaolus alone was applied. It ealled forth, as was expos, 
tod, the sane ehaages as those brought about on the adalBlstrattoa 
of the unoondltloBed stlnulus* This proved that the ehaages eon. 
oemed wore brought about by oortieal aetlvlty. Then followed the 
extlnotlon of the reflex, during whleh period a gradual fading of 
the changes studied was notlsed* On eontlnulag the adalnlstratloB 
of the oondlUoaed stlaull, with the purpose of doreloplBg eorU. 
sal InhlblUon, there eaae a time when not only ae diaages were ©b. 
served regerdiag the Ingredients la question, but evea a rewersai 
of the offeots was aotleed* 

Tho results of our Inwestlgetloas olearly ajsM-o 
oato that during the dewolopaont of oorUeal lahlbltlGn, tfe® 
boilo pz^eesses in the effeotor organs go In the oppoeito Si!?oc=i 
tloB, as eoq>ared with those obtained during oortlsrsrl 
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To lliuotrot. thl. foot DMorottB o.a.^os 
dutad froa our oxporlaonto. la fig. i, for inotaaeo. «o 

Flo I. 

th. offoet of oplaophrla. and that of tho eondlUonod aUau. 
lu. . on blood eluooao Iot. 1 . gpiaophrlB. . gi^oa la .«,«at. of 
0.8 aga., brlnsa about a aotlooabl. rla. la blood-augar lorol. 
Aff r about t«» trlala, tho laJoeUoa of .« altogothor 
aubataaoo auoh aa aaxlao aoxutloa. brlnga about th. ..im la. 
opoaa. la blood ^uooao a. was brought about by. n»l«*phrtB. . 
j Thl. offoat. hoWTor , gradually rado. a«y .ad aftor th. thiM 
applleauon la ao aoro aotlood. On aubaouuaat adalalatratloa. 

1 of th. «,adltloaed atlaulu. aloaa. a atate of latornal lahlM. 

I tloB dOTOlopa gradually and a roreraad off.ot la aotlood, thbt 
1. to aay hypoglyoa«aa l. .btala^l. Ifhat la aoro atrlaiag, .pv 
nophrla. . aualaiator«l during auoh a ataf. ao aoro .x«..i... 

Ita uaual affo.t; it aay ar«i oauao a allgnt falx la blood ^u- 
eoaa IotoI*. 

Slallar roaulta aro obtainod oonaornlag laor^uua 

pboaphorua during eondltlonad InauXln oUaulatlon. km la 

flS a., irnoro ta. roauxt. aro axproaaod a. poraoaUga. of th. 
Initial valuea, 

m 2. 

.... . a....... I..*.,. 

n.. 1. . ...... 

tlon or tho oondltloBod Btlaalua* 

Sttbaoquont adalalatratloa. of tho aoadltlonod atl., 
lus ImmA to the oatabH.haont of oorUoal Inhibition, during 
Whloh porlod a aoaoldorablo rla. of th. aaouat of blood phoa. 
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phoni. is obtained. In.ulln, glren under .uoh condition., 
kes alno.t no ohange In the level of blood phoaphorua. SlidUr 
reault. have been obtained In re.peot to blood ^ueo.e level. 

the aane thing la noticed In thoae experlnenta 
Where blood ^uooae and pyruvate are detendaed following the 
arUlnlatratlon of food rloh In augnr ooajugated with the .ooito 
ding of a buzaer. The rl.e In blood-augar and pyruvnte, notlo«l 
on the adnlnlatrauon. of the unoondlUoned and eondltloned aU. 
null, 1. no »,re obtained after the third adnlnlati^tlon of the 
conditioned atlnulua. A. .hown In fig 3, during thl. and the fol- 
? three experlnenta the develepMnt of Internal InhiblUen 

cauae. a further lowering of blood pyruvate level. The.e data, 
together with .any other, obtained during our ewperlnent.. indl. 
cate that oortleal .tl«,latlon and Inhibition have .ontr.,7 ef. 
feet, on the metabolic prooea.offeffeotor organa. 

Pavlov pointed out the active nature of aorUcal 
Inhibition and atated that it required «,ch further atudy. The 
reault. of our Inveatloitlona .how that during cortl-il inhlM. 
tlon aauve prooeaae. are at work, the atudy of which give, ua a 
neana for following the deveiopaent of cortical Inhibition be« 
yond the zero effect, when the ad«.nl8traUoB8 ef the eendlUened 
attnulu. Induae no change, it la e.tahllahed that Inhibitory 
Phocea.ea protect the nerve celle fron complete ekhau.tlon and 
\ enable ita recovery. A. will be reported In greater detail m an- 
other paper , atudle. at our laboratory have ahown that during 
cortical InhlblUon there la a reveraal of metabolle proecaaea 
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eT*B in brain tissue Itself. 

Here the reversal of netabollo processes In ef- 
fector oresm has been demonstrated. Thus Inhibition embraces 
the Whole of the oreanlsm. It undoubtedly serve, the replenish, 
aent of those substances that have been used up during the high- 

toned activity of the organ In question, subsequent to cortical 
excitation. 


How What is the meohanlam of the reversal of the 
■etabollc processes observed during cortical Inhlbltlcn? 

The results obtained In the course of our Investigations Indi- 
cate that during the Inhibition of certain cortical centres, the 
activity of the reciprocal system is increased. This Is obvious 
from the fact, obtami during the development of cortical m. 
hlbltlon in respect to conditioned epinephrine hyperglycaemla 
and conditioned Insulin hypoglycaemla.. 

Flo 4. 

As Shown In fig 4, the conditioned stimulus pro. 

a«o.. «„ .... 

on th, 

.tl«au. bring, .bout . lou.rlng of blooa gluoo.. loroi.Tb, 

•ub.-u«it MMnl.tr.tlob. of opln-brln. bo not produo. .n, 
■w-rgl,— in. fbl. 1 . IMl.ur. .f . gopr...... «r.n« 

..Urtt, .itb . oorrotpoMing l„,r.... i..mi. -.rotlon. 

A reversll picture Is noticed on the develop- 
ment of cortical Inhibition regarding conditioned Insulli^o- 
617—1.. H.r. . b.pr..=lo„ of ln.ul.r ..tint, 1 . ..,o.pMlM 

«tb .. inoro... 

tb. in.,-., in blood glu.,.. l„.i. ,n... 

trated In the second half of f i «ii*sa /it 

imr of figure 4e Insulin and the condition- 

stlaolus px*oduoe a fall in v 

This effect 
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1. „„ tt. inhlbiu™, d„rlog 

■m.* *iod th. .^, 1 ,.^ 

ed» 


Si«llar rasults have fen obtained In experl- 
■enta where the amount of oateohoOlned and hl.ta.ine h.Te be* 
•n det.«ln«i in blood, during oondltloned epinephrine reflexe. 
.nd th. inhibition of thl. reflex. A. i. ,hown In m. 5, epi- 
nephrine , a. well as the eondltloned stl.ulue following a n«M- 
ber of .dmlnlstratlon. of epinephrine bring about an Increase m 
the amount of cateehol .mines and a decrease In that of hlata. 

lane. A reversal of effects, that 1. to sa,. a fall In th. ..ouA 

X of catechol amines and a rise in u. * 

• rise in that of histamine Is attained 

on the development of Internal Inhibition. 

These investigations, together with many o- 
t>»r. out 1. our lutorutorr, iMi-t. t,„t tbor. 1 . 

|^ro«.l ..tl«ty b.t..« u»...„«go»t.u. .,.t« r..a.tl., oio<rt 
lSla. 0 .. 1 — 1 . rui, r.,l,ro-l oount, — ootolwaiug 
1« . .U.W or .«„i. ..t „th dunug our 
out «tu th, ,urp... Of d.„l.,i.g oohdluo.^ 

6l70*«d.. In .uoh «l«l. th, uduu hn.orgl„.«, -t, .., 

Pou.. to .,l..,hrln. ... ohtdlhM onl, during it. fir.t r„ in. 
Lotion.. 3ub..,„«t Mnlnl— Mon. .t tir.t liim m Indu.. 

MJ .hwg.. tl-n ,rodu..d . f«l Muuj 
hie connection , I should like to mention the results of expert 
■ants earned oat on one dog only. A. shown In fig 6, 

FIO 6. 

the first three Intravenous adWnl.tratlons of 200 -Icrograms of 
aplnsphnn. bnng about a notl.eable n.e In blood *luoo.. lovi 
o a ut Durtng the fourth and fifth admlnlstraUon. 
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the aeoant of sLuoose reaalne unebangod . Farther on, during the 
6th, 7th and 0th applloatlons, epinephrine produeea a sahetaa* 
elaj. aesrease in blood glueoee leyel vhloh falls down to 45 
Thus a picture slnilar to that obtained during eortleai inhlbl* 
tlon of conditioned epinephzdne hyperglyeaeala was obserwod. 

On the basis of these and nanx other slaliar 
results , wo cone to the conclusion that during a certain stage 
of epinephrine excitation, a depression takes place in the aetl* 
Tlty of the systeas concerned with the Inerease of blood ^ueose 
which the most inportant are the adrenal glandsah sIhbI 
Cutaneous aetlwatlon of the antagcnlstlo systeni, of which the 
nost Important Is the Insular, ae counts for the fall in the blood 
lerel obaerrea. This suggestion Is farther eonflmed by 
the following experlaents, where the systeaatle adalnlstratlons 
of epinephrine lead to the eancelllng of hha Its effeet or ewen 
to Its roTorsal and In such cases, subthreshold doses of eplneph 
rlne, which during control experlaents had had no effect on 
blood glucose lerel, now cause an appreciable hyperglyeaeaia. 

This Is Illustrated In fig 7, where 10 ag. of eplneMrlne are 
glT«\-oanoelllng the effeet of 200 ag., 

FIO 7. 

attained throuf^ Its repeated Injections, As shown In the figure 
a noticeable Increase In blood glucose lerel is reached. Here we 
cone across one of the sharacterlstlc phenoaenon of the Inhibit 
tory process, called the paradoxical phase. Introduced by 7edeiit_ 
fkX and eonflraed by aany others. This states that during InhlbdL- 
tftry pz*ooo88«B snail doB8a oi^l/Bunulus oausa a graatar •ffoat 
Ulan lar^Br ones* 
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SlBultan*ously with the Inhlbltloa of the •ortloal aontraa p«* 
gulatins the seeretlon and action of epinephrlno, thoso ooaaern- 
•d with taio aooretlon and action of Insulin are reolproeally ao« 
tlwated. This Is Illustrated by the experlnents shown In fig 
0«5 units of Insulin , wnioh during prellnftnary experlnents ha4 
narke d^ ohange, glwen upon four adnlnlstratlons of 200 of 
epinephrine after a rerersal of Its effect , caused a oonaldeiN. 
able fall during the three consequent adnlnlstratlons* On the 


fourth and fifth Injections, 0.5 units of Insulin had no effect 
om blood glucose level. These results were eonflmed by nany om 
ther experlnents. 


The reelproeal Interrelationship In the aetlvla 
ty of the antagonistic systens described above plays a slgnlfl- 
eant role In the finer eorrelatlon of the neehanlsss# partial* 
pa ting In the honeostatic functions of the erganlsn. Including 
j the stability of the blood glucose level. Kunerous Investlgntlons ^ 

I prf, carried In different laboratories, have shown that during 
hypoglyoaemla, the seeretlon of epinephrine Is enhaneed and that 
of insulin depressed*^ while quite the contrary is observed <A^o^^****^ 

However, a nore perfect regulation of the fane, 
tlonal Interrelationship between the adrenal and Insular systeat 
****^^**^ ^ oerebral cortex. This Is eonflmed by the la» 
vestlgatlons of Hasratlan and Coworkers, and Zakharov, carried 
out on deoorUoated dogs. On decortication the or^tnlsn beeones 
more sonslUve to epinephrine and Insulin adslnlstratlons. Here 
the obanges In blood glusose level last longer than In nonopera. , 
dogs. Slallar data, have been obtained by a nunber of other in* 
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as well as by us in szpsrlMsnts sarrlsd sat ca| aa l» 
mala irtisrs so^sal aotlrlty had been prssXuass tarous^ aarsotl- 


aation* This sffss^ la aoai probably dusyths faot that cm rcmom 
vlng the cortox^^eludlng Its aotlrlty, the finer oorx^elatlon 
of the ooapensatory neehanlan la abolished* As a rosult of this 
the aotion of the antagonistio aeohanisa for the reaoTal of the 
abnormal effect, ia postponed and aoaetiaes does not eren take 
plaoe* 


To illustrate this I will present the results 
of a few experiments* Aa I have already demonstrated in some 
dogs, after repeated administrations, epinephrine no more inorea* 
sea blood glucose leTSl.tm* Bov, if the same amount is gleen to 
a dog under ami dal or nembutal naroosis, it produees its usual 
hyperglyoaemio effect* The results of some one auoh experiment 
are shown in fig 8 * here the repeated intraTonous injeetions of 

FIG 8* 

epinephrine produce no ohange in blood glueoae leTol* The same 
amount, administered under narcotisation px*oduoes its usual hy» 
perglyeaemie effeot* Data aTailable from the literature , and 
the results of our experiments, ihai allow us to eonslude that 
deoortl cation ant nareotisation produce a state of central *de» 
nex^tion”^ if it may be so called , aa a result of which reeip* 
roeal compensatory mechanisms suffer appreoiably and the orgcniam 
becomes more aensitlTC to humoral agents* Gannon's law about tha 
increased sensitiTity of denerrated organs to humoral agents is 
explained by a number of inToatigathra throu^ the depression, 
in such organs, of these prooesses-which eendurr lead to the in* 
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aotivAtion of the huaoral agent* Fbr example^ aoeordlng to Burn 
and Robinson, the Inoreased aensltlTlty of the deneirrated nietl* 
tating neabrane to epinephrine la due to the deereaae in aono«» 
aainoxidaae aotlTity. Arain and Orant asoz*ibe the inoreased sra* 
eitlTlty of the deneryated oentral artery of the rabbits ear to 
aoetyleholine to the fall in eholinesterase aetirity* Vent finds 
that in deneryated struetures, the formation of antiaetabolites 
neutralizing the effeet of neurohuaore^ ia redueed* 

The oortioal regulation of aetabolie prooesses 
may be considered a aore deyeloped stage of that same fundaaen- 

tal rule goyeming the regulation of enzyaatio prooesses* It is 

-.at 

well known that^.a certain stage of the enzyaatio process, the 
aetiyity of the enzyne is suppressed the reaction being often 
^stiaulated in the opposite direction* 

In connection with the cortical regulation of 
aetabolie proeessea the results of soae other experiaents of ours 
are of interest* Section of the right yagus nerye, which stlatt* 
labs insulin secretion, increases the aensitiylty of the orga«» 
nisa to epinephrine and lowers its sensitiyity to insulin* In 
such an animal the effect ^yen small doses of epinephrine is earn* 
celled during its third or fourth adainistrations* 

This indicates that when insulin secretion is 
depriyed of its noxious control, the suppression of the aeta« 
bolio effect of epinephrine occurs aore quickly* In this rose 
peot , the cerebral cortex plays undoubtedly an important part 
in the regulation of the compensatory aeohanisae goyeming the 
hoaeostatio state of the organism* 
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/ This may be llluetreted by the reaulta obtalmed on 

doga Where the ngni Tagus uerre haa bemi InelsM. In aueh anl. 

25 agcof epinephrine and 1 unit of Insulin glTsn In the 
eourae of eontrol experlnwta had no offset on blood glueose le. 
Tol . Then followed the InJooUona of looji^ of epinephrine. A 
I noUceable hyperglyoaenla was obserred only omits first two ade 
j nlnlstratlons. The third brought no ohange In blood sugar lerel, 

I while the fourth and fifth prodused a hypoglyeaenla, 25 ^ of 
epinephrine given during thla stage Induced an appreolable hy- 
perglyoaenla. This Indloates the establlshnenA of a sgtate, ^.h «^ 

raeterlstio of the Inhibitory prooeae, known asd the paradozl* 
cal phase* 

At the same tAae the adaiiii strati one of I unit of 
Insulin prodused an approolabie lowering of blood ^usoae loTel, 
Thus together with the Inhlbltrion of the neohanlsns taking part 
in produolng hypergiyoaenla, there was a reolproeax activation 
of me hypogiycaemlo effect of Inaulln. Alx of this nowover was 
not obaerTOd during nareotl nation# 

The above.moationed facts Indicate that the effect 
of epinephrine and Insulin on blood glucose level depends on 
the reelproeal activity of the antagonistic systen^^ whloh are 
subordinated to cortical mechanisms, When one of these systems 
sets the upper hand the hyperglycaemlc effect of epinephrine and 
the hypogiycaemlo effect of Insulin . may dlssappear. During our 
Investigations we have frequently net with the ellmlnaUen of 
the effects of epinephrine and Insulin on blood glucose level. 
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wbOB w*r« uasd in aasesipf lnhibltft4 oonllUonad •drmalln 

and oondltlonad insulin fayposiyoasnia* On ths other hand, after 
r«p#at«d adalni 8 1 rations of oplnophrino, w^hen It waa roplaood by 
insulin, during the first and sometimes even the second Injeetlons 
Old hjpergXyoaemla was obtained Instead of the hypoglyoaeala ex« 

\ peoted# Similarly, after repeated administrations of Insulin, 

I whan# It was roplaoed by epinephrine , a rtse of blood ^uoose 
/ lerel was not to be seen* The hyperglyoaeala oharaoterlstlo of 
epinephrine, was notloed only on the 2nd and 3rd days of Its ad<i 
ministrations* To Illustrate these fasts a few examples are <|ue» 
ted from our Investigations* 

Fia 9, 10. 

Fl6 9 and 10 demonmtrate that Insulin, administered after re^ 
pea tea Injeotlons of epinephrine , continues to raise blood glu» 
cose level* Similarly epinephrine given after repeated dally ado 
ministrations of insulin brings about hypoglyoaemla* 

A number of authors have failed to develop con- 
ditioned epinephrine hyperglyoaemla and conditioned Ineolln hypo- 
giyoaemla* in the case of some animals, our repeated trials fom 
establishing oondltlonad reflexes in respeot to epinephrine and 
Insulin have also been unsueoessful* On the basis of a number of 
facts obtained during the study of this problem, It may be com* 
eluded that the failure to develop conditioned epinephrine hy« 
per^yeaemia may bo due to the deprasslon of adrenal funotioii 
with the simultaneous activation of the insular system* In some 
this condition seems to develop more quiebly than In Om 
thers, which probably depends on the eorrelatlve activity of the 
above mentioned systems and the doses of epinephrine and insulin* 
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applied* 

'The failure to derolop a oomditionad insulin hy« 
poglyoaemia la moat probably due t4 the early activation of an-* 
tiainsular neohanisns* With the purpose of confirming this eon* 
oept of ours ve have studied these effevts on dogs vith one adaeaa^ 
removed and the other denervated* In this way we Hre tried to 
reduce the activity of the most important of the anti^insular 
meehanisms, • 

During experiments carried out prior to the a*^ 
bove mentioned operation^ it was noticed that the conditioned 
stimulus, given after lu*II administrations of insulin aid not 
in^luce a fan of blood glucose level* 

FIG II 

fhe reshlts of one suph experiment* are illus* 

trated in fig II« 

Upon the removal of one adrenal and the dener* 
vation of another, the sensitivity towards insulin as expeeted^ 
was found to be increased, while, that towards epinephrine had 
decreased* Then followed the systematic administrations of the 
usual doses of insulin which was four timed greater than its 
threshold do8e840«4 units)* After the tenth Injeetion of insulin 
the administration of the oonditioned stimulus induced a pronomoc. 
Uheed hypoglyeaemia* A lowering of blood glucose level was also 
notised on the second, third and fourth administrations of the 
conditioned stimulus, after which it produced no effeot on blood 
glucose level* Thus, the above mentioned operation by weakening 
one of the most powerful of the anti*lnsular systems, the adre» 
nal glands, and the removal of their oentral neznrous oontrol led 
to the earlier and more permanent establishraent of oonditioned 
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Insulin bjrpogljoasBia* 
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gXyeaemla* ^ha subsaquant adMixiiatrationa of tha ooadltlonad atl# 
laalus laad to tha darelopsant of cortical Inhibition# 

On tha aatabliahmant of eortioax inhibition, 
insulin giyan in the same amounts as before, falls to produce 
any signifioiant daoraasa in blood glucose layal during its firet 
^ , second , third and fourth administrations# Only on its 
fifth injection it produces a fall in blood glucose iayoi equal 
to that obaermad in experiments proceeding cortical inhibition 
a decrease of about 30 ng«^« 

Vhat is the reason of the absence or conai* 
derable weakening of the hypoglyoaemic effect of insulin glyen 
during cortical inhibition? 

f One of the main mechanisms underlying the 

hypoglyoaemic effect of insulin is its enhancement of membrane 
permeability to glucose, especially in muscle and fais tissue# 
Probably during certain functional states of the cerebral cortex 
especially the inhibition of conditioned insulin hypoglycaemia, 
membrane permeability is so changed through nez^rous impulses, as 
to produce a reyersal in the effect of insulin on ^uoose trana« 
port# Hany inyestigat^K^s haye shown that in muscular tissue, 
•^Wxjugh the action of nervous impulses, the transport of a number 
of substances, including the sugars, can be cnanged* Of particu- 
lar interest are the changes in the metabolic processes of mus- 
cular tissue following its denervation# According to Axelson 
and Thesieff, the sensitivity of reohptor sites, in the donerva- 
yated muscular membrane, is increased towards acetylcholine and 
other agents# Suoh a membrane is free from cholinesterase acti«> 
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vlty and its saleotlT* paraMbllitj towarts aodlutt and potaaiim 
la ohansed* Koahdoyanta and ^anaon hara shown that in daxarrsu. 
ted Qusola the struoture and propartlos oC muscular glyoogan 
are ohansad*. Garrltsen has established that durlns the first 
parlod following danaryation the gluookinasa aotivitj of muaatw 
lar tissue is increased* According to Takashi, phosphorjlase ac^ 
is also enhanced and is no more affeeted by epinephrine*. 
A lowering in aldolase aetiyity has also been reported* 

It was interesting tt study the pfrmeability 
of museAlar tissue to glucose following its deneryation* This 
was studied on the gaatroenemeus muscle of frogs three days af« 
tar its deneryation. The results giyen in table 2, are the mean 
yalues of 23 tests. The uptake of 

Table 2. 

glucose by muscular tissue is expressed in mg* % for I gr* of 
fresh tissue* Incubation was carried out at 37^ for 30 minutes, 
in Ringer's solution*. 

As seen from the table , the uptake of glu» 
cose by muscular tissue is about 13*5 mg* On the addition of 
insulin, this amount increases to 20 mg %% A similar rate of 
glucose uptake is noticed after deneryation, where the addition 
of insulin causes a further inoreascr) in its quantity* Interes** 
ting results baye been obtained on the stimulation of muscle* 
Here an inorease4 in uptake of I6,3 mg is obseryed* This ohm 
seryatAon is ooapatlble with those found in^e literature* Inoum 
lla. added to atlaulatad aasole raises glueose aptake to a level 
of 31.8 ae A reversed effect is obtained on the stlaulatlon tf 

of denervated ausole. 


Approved For Release 2009/06/30 : CIA-RDP80T00246A010200100001-6 



Approved For Release 2009/06/30 : CIA-RDP80T00246A010200100001-6 


- 18 


In this oas*. tha uptaka of gluooaa la appraelably 
raduaad by about lOOmg %, and what 1, «,ra Intara.tlng, tha addl 

Uon of inaulln, doa. not sluoo.a uptaka. 

Which raaalnB at 8.8 mg Thasa raaulta Indloata that tha nai^ 
TOU8 factor has an asaantlal rola In tha ragulatlon of gluooaa 
transport brought about by Insulin. 

Thasa findings ara eoapatlhla with our sup* 
position ragardlng tha f.Uur. of obtaining a hypoglycaanlc af. 
fact of insulin during tha InhlblUon of tha coadltlonad Insulin 
hypoglycaanla. As will ba rananbarad . wa had alraady proposad. t. 
that ona otf tha nachanlsns undarlylng this fast uy ba a chan- 
gad nanbrana pamaablllty towards gluoosa , undar tha Influanca 
of cortical Inpulsas. This concept was supported by other atu. 
dies carried out on dogs where tha utlllxaUon of gluaosa by 
skalatal nuscla wa. datarulned. This wa. dona by taking blood 

sanpl.s fron the carotid artery and the corresponding vein In 
tha Mnd limb. 

Prasant studies anphaslsa tha slgnlfi slant 
role or ea»noa.lno butyric add (hABA) m Inhibitory procassas. 

This substance ha. a certain effect on naubrana paruaablllty 
also. In this respect wa hava studied the effect of SABA on tha 
tha penetration or glucose in nusaular tissue. 

Tha results of axparlnants carried out on 
the isolated rat dlaphrag. have shown that In nuscla tissue OABA 
in anounts of I ng causes an appradabla Increase In the trans- 
port of the glucose and the subsequent synthesis of glycogen. 
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In tb« abollahaant of the hyperglyoaemlo effect of 
Insulin on Its admlnistrstlon In certain functional states of 
the brain, other antl-lnsular mechanisms seem to take part. 
Among these glucose, Insullnase activity of certain tissues 
and the conjugation and Inactivation of Insulin by certain 
proteins of blood seem to be of some Importance. These prob- 
lems are being studied In our laboratory • 

It has been shown that during the cortical Inhibition 
of conditioned Insulin hypoglyoaemla, the elimination of the 
hypoglyoaemlc effect of Insulin Is accompanied by a noticeable 
rise in glucmgen activity. Thus, for Instance , 0p5 mg, of 
glucagon, which In control experiments had had no effect, under 
such conditions evokes a rise In blood glucose level of about 
25 mj^. This promotion In glucagon activity la noticed also on 
the 2 and days following cortical Inhibition, after 
which It fades away. This Is another fact pointing to the reci- 
procal activation of antagonistic mechanisms during cortical 
Inhibition. 

In this respect It Is Interesting to mention the re- 
sults of another series of experiments , where the inactivation 
of a known amount of Insulin following Its Incubation with blood 
was studied. It was shown that In control experiments Insulin 
- activity was halved following Its Incubation with blood for I 

{ at 37 6. On Incubating Insulin with blood samples taken during 

the state of cortical Inhibition, when the hypoglycaemlc effect 
of Insulin was no more obtained. It was noticed that Insulin 
activity was decreased much more, than when Incubated with sam- 
ples of blood taken during control experiments. 
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Facts , such as ths aboil shmont ot bh# hypoglyi^ 
oAoiilc affect of insulin during tha Inhibition of tho condl- 
tlonad Insulin hypoglycaamla as wall as tha rayarsal of Insulin 
action following tha systamatlc administrations of aplnaphrlna 
and In cartaln naurotlc atataa of tha organism obtalnad In 
tha course of our axparlmants, confirm tha significance of 
tha nervous factor In tha aetiology and course of dlabotea, 
Thera are many Instances in the literature where tha origin 
of diabetes Is connected with a nervous stress* Mlrsky believe 
that vepy comparatively few oasa^f diabetes can be ascribed 
to structural lesions of the pancreas • He cites data from 
Ball who finds that in about 4 o % of cases of diabetes no dec* 
reasa in bataMgranuiation is obssrvad* Soma decrease is noticed 
In 35 while a complete loss of bata-granulatlon la observed 
only In 25 % of tha cases* It has been reported that for the 
Initiation of experimental diabete more than 85 % of tho 
pancreas must be removed. These results Indicate that diabetes 
cannot always be ascribed to pancreatic lesions^ It may be 
or non-pncreatlo aetiology, due to a decrease In the effect 
of Insulin on tissues or to Its more rapid inactivation* These 
processes are undoubtedly regulated by the central nsi^ous 
system. 
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